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I. PREFACE 

The ma te r i a l  on the   sub jec t  of "Spectral ,   Electrophotometric,  
and Radar  Researches  of  Aurorae and Airglow"  published in   Co l l ec t ions  
Nos. 1, 2-3, 5 and in   va r ious   j ou rna l s ,  as well as i n   t h e   p r e s e n t  
co l lec t ion ,  is t h e  result of continuing  processing of observat ion  data  
for   the  individual   problems.  An ultimate generalization  can  be made 
only   a f te r  a l l  the  processing  has  been  completed. 

The r e s u l t s  of electrophotometric  observations of night-sky emis- 
s ion   pub l i shed   i n   t h i s   co l l ec t ion   d i f f e r  somewhat from resu l t s   ob ta ined  
by means of spectrographs.  This i s  apparently  explained by t h e   f a c t  
t ha t  when the data from  electrophotometric  observations are processed 
according  to  the accepted   in te rna t iona l  system, the continuum is  assumed 
t o  have a constant  relative s p e c t r a l   d i s t r i b u t i o n .  However, the works 
of N .   N .  Shefov and V. I. Yarin  (Collection No. 5 )  do not  permit  such 
an  assumption t o  be made, a t  any rate not  conclusively.  Apparently 
serv ing   a l so   to   conf i rm th i s  i s  the f a c t  that  account ing  for  the 
continuum according  to  the  accepted  system o f  processing  e lectrophoto-  
met r ic   da ta  sometimes l eads   t o   t he   nega t ive -emiss ion - in t ens i ty   va lues  
of  ( 01 ) X 6300 8 and Na X 5893 8. Such a cons iderable   e f fec t  o f  
t h e  continuum i s  due to   t he   g rea t   w id th  of  the t ransmission band  of t h e  
in te r fe rence  f i l t e rs  used  (effective  width i s  about 100 8) .  

A co r re l a t ion  between t h e  ( 01 ) X 6364 % and OH emissions  has 
been  detected by V .  S .  Prokudina  (Collections No. 2-3 and No. 5 ) .  Pro- 
cessing of data   obtained a t  Yakutsk  (see V .  I .  Y a r i n ' s   a r t i c l e   i n  
Col lect ion No. 5 )  has, however, shown that   such a co r re l a t ion  i s  ob- 
served  only for low i n t e n s i t i e s  o f  hydroxyl  emission. 

The seasonal   var ia t ion   o f   the   ro ta t iona l   t empera ture  o f  hydroxyl 
i s  c l ea r ly   ev iden t  from t h e   a r t i c l e  by L .  M.  Fishkova and G .  V .  
Markova, publ i shed   in   the   p resent   co l lec t ion ,   as  well  a s  from V .  I .  
Yar in ' s   a r t i c l e   (Co l l ec t ion  No. 5 ) .  However, no obvious  dependence o f  
hydroxyl  emission  intensity on rotat ional   temperature  i s  observed. Such 
a var ied  nature  of the  behavior  o f  hydroxyl  emission is apparent ly  
explained  by  the complex  mechanism of i t s  exc i t a t ion .  

A t  f i rs t  glance  there   appear   to   be some divergences  between  the 
material pub l i shed   i n  A. B. K o r o t i n ' s   a r t i c l e s   i n   t h e   p r e s e n t   c o l l e c -  
t ion ,  and that   publ ished ear l ier  by Yu. I .  Gal 'per in   (Col lec t ion  No. 1). 
It seems t o  us, however, t h a t  a complete co r re l a t ion  between r ad io  
r e f l e c t i o n s  and hydrogen  emission  cannot  be  expected. Geomagnetic 
per turba t ions  are an i n t e g r a l   e f f e c t  of current  systems above a cons ider  
ab ly   l a rge r   po r t ion   o f   t he   ea r th ' s   su r f ace   t han  i s  the   l imi t ed   su r f ace  
above  which hydrogen  emission  can be observed  by means of a spectro-  
graph. It w i l l  appa ren t ly   be   poss ib l e   t o   ob ta in  more complete  corre- 
l a t i o n  from a comparison of world  magnetic  indices and  complete  world 



d a t a  on auro ra l  emissions. 

I n  a r t j - c l e s  Di.1 rada-  - re f lec t ions  f r a u  aurorae b y  variou-s authc~rs 
( V .  I .  Pogorelov,  Collection No. 2-3; '7. I. Dovger, the   p resent   co l lec-  
t ion) ,   var ious   po in ts  of  view on the   r e f l ec t ing   r eg ions  of  aurorae are 
e x p e s s e d .  It seems t o  us,, however, t h a t  kn s tudying  the problem of 
which  zone of t he   au ro ra   r e f l ec t s ,  it is  necessary  to   account   precisely 
f o r   t h e   r e f r a c t i o n  of inc ident  and r e f l e c t e d   r a d i o  waves i n   t h e  inhomo- 
geneous  ionosphere. A f i n a l  answer t o  this  question  can  be  obtained 
only after t h e   e f f e c t  of refraction  has  been  completely  accounted  for.  

In   d i scuss ion  of t h e   r e s u l t s  of radar observations of aurorae, 
it has also tu rned   ou t   tha t  great caut ion must be  used when comparing 
t h e   i n t e n s i t i e s  of r a d i o  r e f l e c t i o n s  a t  d i f f e ren t   l oca t ions ,   s ince  
the re  are ser ious  doubts  as t o  t he  complete i d e n t i t y  o f  the  charac- 
t e r i s t i c s  of d i f f e ren t   r ada r  sets. Since  the  operat ion of radar  sets 
i s  not  always  accurately  controlled,   caution i s  necessary  in  answering 
ques t ions   about   var ia t ions   in   the   in tens i ty  of r a d i o   r e f l e c t i o n s  over 
long  periods o f  observation, f o r  example, seasonal   var ia t ions.   This ,  
of  course, i s  not  important i n   e v a l u a t i n g   d i u r n a l   v a r i a t i o n s  of r ad io  
echoes. 
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11. B A C K S C m I N G  OF RADIO WAVES BY AURORAE 

by V. I. Dovger 

As was shown i n   r e f e r e n c e s  (1, 2 ,  3, 4 ) ,  r e f l e c t i o n s  of meter 
r ad io  waves from ioniza t ion   reg ions  are observed  during  auroral   d is-  
p lays .   Unt i l   recent ly  it was supposed tha t   these   rad io   echoes  are due 
t o  t h e   f a c t   t h a t ,   i n   i n d i v i d u a l   p o r t i o n s  of the   ion ized   aurora l  
regions,   for   the  sounding  f requency  the  e lectron  densi ty  i s  higher  than 
t h e   c r i t i c a l   d e n s i t y .  Booker (Ref. 2 )  was t h e  f irst  t o  show t h a t   t h e  
observed  amplitude  values of radio  echoes from aurorae  could  be  ex- 
plained by small f luc tua t ing   pe r tu rba t ions  of e l e c t r o n   d e n s i t y   i n   t h e  
ES- l ayer ,   the   average   va lue   o f   th i s   dens i ty   cor responding   to  a c r i t i -  

c a l  wavelength  of 20-30 meters. As do many o ther   inves t iga tors ,  Booker 
assumes tha t   t he   s ca t t e r ing   e l emen t s   ex t end   a long   t he   l i nes  o f  fo rce  o f  
the   ear th ' s   magnet ic   f ie ld ,  as a result of  which m a x i m u m  backscat ter ing 
occurs when t h e  beam of r ad io  waves i s  perpendicular t o   t h e   l i n e  of 
force  of t he   ea r th ' s   magne t i c   f i e ld   i n   t he   s ca t t e r ing   r eg ion .   Th i s  
quest ion was s tudied  geometr ical ly  by Chapman ( R e f .  1). 

Inves t iga t ions  of r ad io  wave backsca t te r ing  by aurorae were 
car r ied   ou t   sys temat ica l ly  on Dickson  Island  during and af ter  t h e  I G Y .  
A s p e c i a l   i n s t a l l a t i o n ,   c o n s i s t i n g  o f  two radars   operat ing on wave- 
lengths  of 4 and 6 meters, w a s  used for pulsed  radar  sounding  of 
aurorae.  The r e f l e c t e d   s i g n a l s  were observed on p l an   pos i t i on   i nd i -  
ca to r s  and on  a combJned range-amplitude  indicator. 

The chief  parameters of the  apparatus  during  the  period from 
August 1958 t o  May 1960 are shown i n   t h e   t a b l e .  

Parameters  of  Apparatus 

Pulse  Duration,  microsec 

" 

Pulse Power, k i lowat t s  

Antenna Power Gain 

Rece iver   Sens i t iv i ty  a t  
no i se   l eve l   ( s igna l /no i se  
= X), wat ts  

Radar Set  

4-meter 6-meter 

10 10 

Comments 

Corresponds -io length  of 
s imultaneously  scat ter ing 
volume of 1500 meters. 

100 50 
The three  parameters 

of a r t i f i c i a l   t a r g e t s .  
30 10 were compared by means 

10-14 10-14 
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I n   t h e  overwhelming majority  of  cases,   radio  echoes from  aurorae 
were observed at Dickson  Is land  in   the  northern  par t   of   the  sky. The 
d i r e c t i o n  o f  m a x i m u m  appearance o f  radio  echoes i s  c l o s e   t o  geo- 
magnetic  north.  During  the  years of a m a x i m u m  i n  s o l a r   a c t i v i t y ,  
1957-1958, t h e r e  were cases  of re f lec t ions   appear ing   in   the   southern  
part  of the  sky;strong  echoes from the  south  appeared much more f re-  
quent ly  on 6 meters than on 4 meters. This   ind ica tes  a less complete 
observance of t h e  rule of perpendicular i ty  of  t he   r ad lo  beam t o   t h e  
l i ne  o f  force  of the   ear th ' s   magnet ic   f te ld  ( R e f .  1) at a wavelength 
of 6 meters. 

a l t ,  km 

0 5 10 15 
No. of  cases 

Fig.  1. Dis t r ibu t ion   i n  a l t i t u d e  of t h e  
number of r e f l ec t ions  from aurorae. 

The a l t i t u d e  bf  t h e   r e f l e c t i n g   s e c t o r s  was measured t o  within 
- + 10 kilometers  by means of rocking   the   an tenna   rad ia t ion   pa t te rn  of 
t h e  &-meter r ada r   i n   e l eva t ion .   F igu re  1 shows t h e   d i s t r i b u t i o n  of 
t h e  number of r e f l e c t i o n s   w i t h   r e s p e c t   t o   a l t i t u d e .  As  i s  evident ,  the 
major i ty  of radio  echoes comes f rom  an   a l t i tude  of 100 * 20 kilometers.  
The comparatively small spread of s c a t t e r i n g   r e g i o n s   i n  a l t i tude  allowed 
u s   t o   p l o t  their  geograph ica l   d i s t r ibu t ion   r ad ia l ly   f rom 200 t o  1200 
kilometers from the   radar  set wi th   the   a id  of the  range-azimuth  indi- 
ca to r   (p l an   pos i t i on   i nd ica to r ) .  

The r a d i a t i o n   p a t t e r n  o f  t he   r ece iv ing   an tenna   fo r   t he   p l an  
pos i t ion   ind ica tor  is shown in   F igure  2.  The p a t t e r n  i s  comptxed of 
two tden t i ca l  main lobes i n  the   hor izonta l   p lane   wi th  a comparatively 
deep  trough i n   t h e   c e n t e r  (1/250 of t h e  m a x i m u m  i n   v o l t a g e  E2), which 
made it possible  t o  measure t h e  azimuth  of t he   cen te r  of t h e   r e f l e c t -  
ing   sec tors   wi th in  + 0.5 t o  1.0 deg. I n   t h e   c a s e  of s t rong   rad io  
echoes, one usua l lyobserves   s imul taneous ly  a group  of  scattering 
sectors  disposed  approximately  in an a rc .  An example  of  such r e f l e c -  
t i ons ,  as seen on a range-azimuth  indicator, is shown in   F igu re  3. 
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Fig. 2. Radiat ion  pat tern of t h e  
azimuthal   antenna  in   the  horizontal   p lane.  

The coordinates of the   sca t te r ing   e lements   cor respond  to   the   cen ters  
of the  "troughs" between the   b r igh t   a r c s .  More f requent ly ,   re f lec t ions  
come only from indiv idua l   sec tors  o f  such a l i n e .  The length  of these  
sec to r s  i s  not less than  15 kilometers and of ten  reaches 300-400 
kilometers.  Range resolut ion  of  t he  radars  w a s  2 ki lometers .  

Fig. 3.  Arrangement of a group of s ca t t e r ing  
areas i n   t h e   v i c i n i t y   o f   t h e   r a d a r  set .  
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Direct measurements  of the   coord ina tes  of t he   cen te r s  of t h e  
ionized  sectors  by means of p lan   pos i t ion   ind ica tors   d i sc losed  movement 
( d r i f t )  of t hese  a t  speeds of up t o  1000 meters/sec. The ve loc i ty  most 
frequently  encountered was 150-300 meters / sec   In   the   d i rec t ion  west t o  
east or  east t o  west. During d r i f t ,   t he   s igna l   ampl i tude  va'ried  great- 
l y  (by a f a c t o r  of lO-l5), but  the  speed and d i r e c t i o n  of d r i f t  remain- 
ed  constant.  Groups o f   r e f l ec t ing  areas o r d i n a r i l y  moved i n  one d i rec-  
t i o n  and a t  one speed.  Figure 4 shows t h e  movement of such a group 
from the  beginning of i ts  development t o   t h e  end. 

Fig.  4. Development, d r i f t ,  and at tenuat ion  of  
an  ionized  arc.   Local time. 

With respect   to   the  dimensions of  the   ind iv idua l   ion ized   sec tors  
we can  say  the  following. It was s a i d  above t h a t   t h e i r   e x t e n t   a l o n g  
an arc ,  as d i r e c t l y  observed,  varied  from 15 t o  400 ki lometers .  The 
extent  o f  the  elements  across  the  arc  probably  does  not  exceed 20 
kilometers,   since  otherwise  the  extent of elements 20-30 kilometers 
long  along an a rc  would not  have  been  noticeable on the   p lan   pos i t ion  
indicator   (see  Figure 3 ) .  A t  t h e  same time the   ex ten t  of elements 
across   the   a rc  is greater than 5 kilometers,  inasmuch as otherwise 
the  inner  edges o f  t he   a r c s  would have  been  sharply  defined  for  reflect-  
ed s igna l s  of considerable  amplitude  (signal/noise = 5-10) s ince   t he  
"trough" of t h e   p a t t e r n  of t h e  two-lobe  antenna was deep (l/25O af t h e  

m a x i m u m  i n   v o l t a g e )  and sharp ,   th i s   having   been   ver i f ied   wi th   the   he lp  
of a d i s c r e t e   a r t i f i c i a l   t a r g e t .  

Visual  observation o f  t h e   r e f l e c t i n g   p o r t i o n s  of  aurorae showed 
t h a t   r a d i o   r e f l e c t i o n s  come always  from unhomogeneous, weakly  lumines- 
cent   regions of the  aurorae,  most f requent ly  from t h e  la te ra l  edges of 
radiant   arcs .   Figure 5 i s  a photograph  of a sca t te r ing   reg ion   in   an  
aurora.  

6 
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Fig. 5. Ail aurora  sector  reflecting  a  4-meter  wave  (the  distant, 
weak  formation  in  the  lower  middle of the  photograph is doing 
the  scattering). 

ter s 

Fig. 6. Appearance of scattered  signals 
on the  range-amplitude  indicator. 
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The backsca t te r ing   coef f ic ien ts  were s tudied  on a combined 
range-amplitude  indicator  (Figure 6 ) .  The antennas  of  the two radars ,  
just as for  the  range-azimuth  indicator,  had  the same rad ia t ion  
p a t t e r n   i n   t h e   v e r t i c a l   p l a n e .  The  somewhat greater  width of t h e  
rad ia t ion   pa t te rn   o f   the   an tenna  of t h e  6-meter r ada r   i n   t he   ho r i zon ta l  
plane,   as compared w i t h   t h a t  of the  antenna of t h e  4-meter radar ,   d id  
not   in t roduce   s ign i f icant   e r rors .  The antennas  rotated  rapidly and 
synchronously i n  azimuth. The so l id   ang le   o f   t he   r ada r  beam usua l ly  
over lapped   the   en t i re   re f lec t ing   reg ion .  The grea tes t   va lues  o f  t h e  
in t eg ra l   backsca t t e r ing   coe f f i c i en t   a t t a in   s eve ra l   squa re   k i lome te r s .  
On the   average ,   the   backsca t te r ing   coef f ic ien t   for   the  6-meter wave- 
length  was 20 times as g rea t  as t h a t   f o r   t h e  4-meter wavelength. The 
inves t iga t ion   r e su l t s  were in t e rp re t ed   w i th   t he   a id  of t h e  formula  f o r  
t he   i n t eg ra l   backsca t t e r ing   coe f f i c i en t  a t  inhomogeneities  of  fluctu- 
a t i n g  volume which was derived by  Booker under the  assumption  of a 
Gaussian  correlat ion  funct ion ( R e f .  4 )  : 

Here, CJ i s  the   backsca t te r ing   coef f ic ien t   wi th   respec t  t o  power per 
u n i t  volume; o i s  the  width of t h e   s c a t t e r i n g  volume; p i s  pulse   length 
i n  meters (1500 meters); N is mean e l e c t r o n   d e n s i t y   i n   t h e   s c a t t e r i n g  
volume u dur ing   r e f l ec t ions ,   acco rd ing   t o   da t a  of v e r t i c a l  sounding; 
A N  i s  t h e   c r i t i c a l  wavelength f o r   t h e  mean e l e c t r o n   d e n s i t y   i n   t h e  

s c a t t e r i n g  volume; T i s  t h e  m e a n  dimension  of  inhomogeneities  across 
t h e   l i n e s  o f  fo rce  of t he  geomagnetic f i e l d   i n  meters; L i s  the  
dimension of these  inhomogeneities  along  the  l ines of force;  r i s  s l a n t  
range i n  meters; q0 i s  the  angle  between t h e   d i r e c t i o n  of  t h e   f r o n t  

o f  t he   i nc iden t  wave and t h e   l i n e  of fo rce  of the  magnet ic   f ie ld  a t  t h e  
point  of s ca t t e r ing ;  @ i s  the   p robab i l i t y   i n t eg ra l .  

Use of th i s   formula   l eads   to   va lues  of T from 0.5 t o  3 meters 
wi th   the  most frequent  value  being T = 1 meter. The  mean value of L 
was estimated on t h e   b a s i s  of averaged  observed  dependences o f  t he  
amplitudes o f  r a d i o   r e f l e c t i o n s  on q0. It i s  c l o s e   t o  10 meters.  

The magnitude o f  f l u c t u a t i o n   i n   e l e c t r o n   d e n s i t y  AN/N sometimes  reached 
10 percent,   but more frequently  did  not  exceed 1-2 percent .  
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These  results  are  of  a  preliminary  nature  and  will  be  made  more 
precise  after  statistical  processing of the  data  accumulated  during  the 
IGY. 

ABSTRACT 

Studies  of 4- and  6-meter  radio  reflections from aurorae  were 
conducted  on  Dickson  Island  by  means of plan  position  indicators. 
Groups of  scattering  regions  were  found  to  lie  along  an  arc-like  line, 
up to 300-400 kilometers  long  and  apparently  less  than 20 kilometers 
wide.  Eastward  and  westward  drift  of  the  scattering  regions  was  ob- 
served  at  velocities up to 1000 meters  per  second. 
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111. SOME fiESULTS OF THf3 PROCESSmG  OF 
ELECTROPEOT0"RIC  OBSERVATIONS O F  AIRGLOW 

by A. V. Mironov 

During  the IGY, electrophotometric  observations  of  primary 
emissions of the   n ight   sky  were  conducted i n   t h e   S o v i e t  Union: (01) 

(5577 8) , NaI (3893 8) , (01) (6300 8). The most  complete and 
systematic  observations were  conducted a t  the   fo l lowing   po in ts :   the  
Abastumani Astrophysical  Observatory  of  the Academy of  Sciences  Georgian 
SSR (Director,  L. M. Fishkova),   the Crimean Astrophysical  Observatory  of 
t h e  AN (Akademiya Nauk -- Academy of  Sciences) USSR (Director,  K. K. 
Chuvayev),  and t h e  Zvenigorod S c i e n t i f i c   S t a t i o n   o f   t h e   I n s t i t u t e   o f  
Atmospheric  Physics  of  the AN USSR (Director,  V. M. Morozov). 

Non-standard  electrophotometers  were used wi th   separa t ion  of 
individual  regions  of  the  spectrum by means o f   i n t e r f e r e n c e   l i g h t  
f i l t e r s .  (A detailed  description  of  the  photometer  of  the Abastumani 
Observatory and some resu l t s   o f   observa t ions   a re   g iven   in   re fe rences  1, 
2.) The l i g h t   f i l t e r s   f o r   t h e   d i f f e r e n t   e m i s s i o n s   v a r i e d  between 

100 and 150 A in   the  effect ive  width  of   their   t ransmission  bands and 
between 15 and 70 percen t   i n   t he i r   t r ansmiss ion   f ac to r .  

0 

Observations  were  conducted i n  accordance  with  Roach's  instruc- 
t i o n s  (Ref. 3 ) ,  adopted f o r   t h e   e n t i r e   i n t e r n a t i o n a l  network  of  stations 
car ry ing   ou t   the  program of electrophotometry of the  night  sky  during 
t h e  IGY. According t o   t h e s e   i n s t r u c t i o n s ,  on cloudless and moonless 
n igh t s   t he   b r igh tness  a t  t he   zen i th  was measured a t  the  beginning  of 
each  hour o f  zone time in   the  fol lowing  spectral   regions:   about  5300, 

5577, 5893, and 6300 A. In   addi t ion ,  a t  t h e  Abastumani  Observatory 

emissions  near 6050 and 9000-10,500 A were also  observed. The measure- 

ments i n   t h e  5300 and 6050 A spec t ra l   reg ions  were made i n   o r d e r   t o  
determine  the  magnitude  of  the  continuous  background in   t he   n igh t - sky  
spectrum. 

0 

0 

0 

The data obtained were also  processed  according t o  Roach's 
i n s t ruc t ions .  To determine  the  intensi ty   of   emission  l ines ,   the  
emission  of  the  background was excluded by means of   ca lcu la t ing   the  

magnitude  of the  continuous background i n  a f i l t e r  of  about 5300 A, with 
recalculat ion  for   the  region  of   the  emission  l ines   according t o  t h e  
brightness  curve o f  a c l a s s  G 2  star. A t  t he  Abastumani  Observatory,  the 

U 
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continuous  background was c a l c u l a t e d   f o r   t h e  5893 and 6300 A emissions 

from  measurements i n  t h e  6050 A region. 

0 

0 

Thus, from electrophotometry of the   night   sky a t  t h e  above- 
mentioned  points we have data  on  the  following:  the  emission of t h e  

continuous  background  about  5300 A, the  emissions of atomic oxygen a t  

5577 and 6300 A, and the  emission of sodium at 5893 A. I n   a d d i t i o n ,  as 
we have already  mentioned,  there are d a t a  from t h e  Abastumani  Obsema- 

t o r y  on the  emission  of  the  continuous  background  near 6030 A and  on 

emission in   t he   spec t r a l   r eg ion   o f  9000-10,500 A, which i s  taken  to   be 
t h e   o v e r a l l   i n t e n s i t y  of t h e  OH emission  bands  observed i n   t h i s   r e g i o n .  
The OH bands (8.4), (3.0), (9.5), and (4.1) are l o c a t e d   i n  9000-10,500 
0 
A region and f i l l  almost  the  entire  interval  of  wavelengths.  According 
to   the   observa t ions   repor ted   in   re fe rences  (4, 5 ) ,  t hese  are extremely 
in t ense  bands  of OH emission. It must be  noted that  the  continuous  back- 
ground was not  accounted f o r   i n   i n t e r p r e t i n g   t h e   e l e c t r o p h o t o m e t r i c  

measurements  of t h e  OH bands  with a f i l t e r   f o r   t h e  9000-10,500 A region. 

0 

0 0 

0 

0 

0 

The quant i ty   of  material obtained  during  the IGY varies and i s  
not   evenly   d i s t r ibu ted   over   the   d i f fe ren t  months. I n   c e r t a i n  months 
t h e r e  were no measurements a t  a l l  because  of  cloudiness.   In  addition, 
f o r   t h e  Zvenigorod S t a t i o n   t h e  summer months  (May-August) were  excluded 
from the  per iod  of   observat ions  because  the  decl inat ion  of   the  sun  does 
not  reach 18 degrees   dur ing   th i s  time. 

Figure 1 shows graphs  of  the  annual  course  of  the  various  emis- 
s ions  a t  each   s ta t ion .  A s  i s  evident from the  graphs,   the  emission  of 

the  continuous  background  near 5300 A, according t o   t h e   d a t a  from t h e  
s t a t i o n s  a t  Abastumani  and  Simferopol'  changes  very l i t t l e  during  the 
year and i s  of a r e l a t i v e l y  small magnitude.  For  Abastumani t h e  mean 
monthly value of   the  background  emission i s  about  one  Rayleigh pe r  
angstrom,  while for Simferopol' it i s  between 0 . 5  and 0.7 Rayleigh  per 
angstrom.  According t o   t h e   d a t a  from t h e  Zvenigorod  Station,  the  annual 

var ia t ion   in   the   emiss ion   of   the   cont inuous  background near 5300 A i s  
more s i g n i f i c a n t ,  and t h e  magnitude  of th i s   emiss ion  i s  greater ,   varying 
between 1 and 2 Rayleighs  per  angstrom. The emission  from  the  continuous 

background near 6050 A, accord ing   t o   t he   da t a  from  Abastumani,  has  an 

0 

0 

0 
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Fig. 1. Annual  variations  in  intensity  of  emissions  (in  rayleighs) 
at  Zvenigorod  (a),  Simferopol' (b) , and Abastumani ( c )  . 

1 = 5577 8; 2 = 5893 8; 3 = 6300 A; 
0 

4 = OH; 5 = 5300 8; 6 = 6050 8 . 

12 



I 

even  annual  course  which i s  almost parallel to   t he   cour se   o f   t he  emis- 

s ion  near  5300 A. The magnitude  of t h e  background i n   t h i s   r e g i o n   v a r i e s  

from  0.5 t o  1 Rayleigh  per  angstrom. The (01) emission a t  5577 A, ac- 

0 

0 

cording t o   t h e   d a t a  of a l l  t h e   s t a t i o n s ,   h a s  a very  uneven  course  with a 

not   c lear ly   def ined maximum o f   i n t e n s i t y   i n   t h e  autumn. The 5577 A emis- 
s ion   exceeds   the   o thers   cons iderably   in   in tens i ty .   For  Abastumani, t h e  

NaI emission a t  5893 A has a smooth annual   var ia t ion   wi th  a f a l l - w i n t e r  
maximum and a summer minimum.  Maximum i n t e n s i t y  i s  5-7 times as g r e a t  
as minimum i n t e n s i t y .  The minimum  mean monthly i n t e n s i t y  i s  about 20 
Rayleighs.   For   the  other   s ta t ions,   the   annual   var ia t ion of t h e  N a  emis- 
sion  has a comparatively  sharp maximum during October-December. The 
minimum  mean monthly  value of t h e   i n t e n s i t y  of t h e  N a  l i n e   f o r  Simfer- 
opol' and Zvenigorod i s  about 10 Rayleighs and t h e  maximum i s  about 200 

Rayleighs. The (01) emission a t  6300 A does  not  have a c h a r a c t e r i s t i c  
annual   var ia t ion,   a l though  there  i s  a small autumnal maximum observed 

a t  a l l  t h e   s t a t i o n s .  Hydroxyl  emission i n   t h e  9000-10,500 A region 
(according  to  data  from  Abastumani)  apparently  has a small win ter  m a x i -  

mum ( lack  of d a t a  f o r  December 1958 and January and February 1959 make 
it imposs ib le   to   t race   the   course  of t h i s  emission  re l iably  during  the 
win ter ) .  

0 

0 

0 

0 

The nocturnal   var ia t ion  of  a l l  of the  emissions,  as shown by 
ana lys i s  of the   curves   for   the   en t i re   per iod   of   observa t ion ,  i s  extreme- 
l y  diverse.  A l l  o f  t he   obse rva t iona l   ma te r i a l  w a s  d iv ided   in to   f ive  
groups  according to   the   charac te r   o f   the   noc turna l   var ia t ion  of t h e  
individual  emissions.  The observational material from t h e   s t a t i o n s ,  
t hus   c l a s s i f i ed   acco rd ing   t o   t he   cha rac t e r  of the  nocturnal   varfat ion  of  
the  individual   emissions,  i s  shown i n   t h e   t a b l e ,  where t h e  number of 
cases of similar v a r i a t i o n  i s  expressed as a percentage of t h e   t o t a l  
number of observations. From t h e  table it can be seen   t ha t   t he   i n t ens i -  
t i es  of  the  emissions  from  the  continuous  background  near 5300 and 
6050 A do not   vary  during  the  night   in  a considerable number of cases 
(from 50 t o  80  percent).  The (01) emission a t  5577 A has a maximum dur- 
i ng   t he   n igh t   i n   on ly  up t o  40 percent  of  the  cases and a minimum i n  
about 10 percent  of  the  cases.  The (01) emission a t  6300 A has a noctur- 
n a l  minimum i n  50-70 percent of the   cases ,  a different   course  being found 
i n  a small number of cases. The N a  emission  has  primarily  an  even  inten- 
s i t y   du r ing   t he   n igh t ;   i n   t he  9000-10,500 8 region a nocturnal maximum 
i s  found i n  20 percent of t h e  cases and occurs   during  the second  half 

0 

0 

0 

o f   t h e   n i   h t .  Examples of the  nocturnal  course of the  emissions  are  
shown in   g igu re  2. 
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Fig. 2. Examples of noc turna l   var ia t ions  of emiss ion   in tens i t ies .  
Local time: a - Zvenigorod; b - Simferopol ' ;   c,d,e - Abastumani. 
Arbi t ra ry  symbols are t h e  same as i n   F i g .  1. 
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Repetition of Nocturnal  Variation of Intensities 
of Various  Emissions  as  a  Percentage 
of the  Total  Number of Observations 

l + l ~ l . >  , _ .  . 

Zvenigorod g 13 2 18 
Simferopol' o 8 3 23 
Abas-tumani 5 22 2 19 

- 
V 

~ 

0 
0 
2 

- 

A 
- 

29 
36 
42 

h 5511 A 

16 13 29 13 
18 20 15 11 
14 14 18 12 

- 
A 
- 

13 
4 

26 

A 5893 A 

49 7 13 18 
61 13 9 13 
44 24 3 3 

>. 9000--10 500 A 

" " _  " " _  
17 34 17 21 11 

Arbitrary Symbols: A m a x i m u m  in  in-tensity  during  night 
- even  intensity  during  night 
/ rising  intensity  during  night 
\ falling  intensity  during  night 
v minimum  in  intensity  during  nigh-t 

Note:  The  table  includes  observations  from  nights  in  which  not 
less  than  four  cycles  of  measurements  were  made: 55 
nights  for  Zvenigorod, 85 nights f o r  Simferopol', 61 
nights f o r  Abastumani. 

Comparison of the  intensities  of  the  individual  emissions,  as 
measured  at  all  three  stations  during  the IGY, shows  that  there  is  no 
correlation  between  the  intensity of emission  from  the  continuous  back- 

ground  near 5300 % and  that  of  the  green  line  at 5577 8. There  is  no 

correlation  between I and I o r  between I 
5577 5890 5577 and '6300 (with 



the  exception  of  Zvenigorod,  where  there  is  a  correlation  between 

5577 6300 5890 and 1 ) . The Na I emission,  according  to  the  data  from 

Abastumani  and  Simferopol',  does  not  correlate  with  the I emission. 

According to the  Abastumani  data,  there  is  a  good  correlation  between 
the I emissions  of  the  continuous  background  and  a  weak 

correlation  between I and I There  is  a  weak  correlation  between 

5890 and I 60 50 

6300 

5300 and '6050 

5300 OH ' 

'60 50 and IOH. There  is  correlation  between I and  between 

1 and I There  is  no  correlation  between I and I o r  
5890 OH 60 50 6300 

between I and I It should  be  noted  that  the  same  comparisons 

based on figures  from  which  the  background  has  not  been  subtracted  show 
a  better  correlation  between  the  emissions. This is  related  to  the  fact 
that  emissions  from  the  continuous  background in the  various  spectral 
regions  correlate  well  with  one  another.  Consequently,  in  processing 
the  results  of  electrophotometric  observations,  account  for  the  back- 
ground  is  for  the  most  part  correct. 

6300 OH ' 

Our  result  does  not  agree  with  the  data  of  Barbier  (Ref. 6) and 
Tohmatsu  (Ref. 7), who  found  a  good  correlation  between  the  emission  of 

the  continuous  background  and  that of ( 01 ) at 5577 8. Earlier, 
Barbier  (Ref. 8) observed  a  correlation  between  the Na emission  and  the 

( 01 ) emission  at 6300 8 as  well,  although  in  a  later  article  (Ref. 6) 
he  expressed  doubt  on  this  point. 

Comparison  of  the  electrophotometric  data  just  discussed  with  the 
results  of  spectrographic  observations  of  night  sky  emissions  carried 
out  by  Prokudina  (Ref. 9) shows  that  there  is no correlation  between 

the ( 01 )5577 ,%and OH emissions  or  between  the Na and ( 01 ) 6364 A 
emissions  with  either  of  the  methods  of  investigation. The electro- 
photographic  and  spectrographic  results  also  agree  in  another  case: 
they  show  a  correlation  between  the Na and OH emissions  (it  must  be 
noted  that  the OH emission  dealt  with  in  (Ref. 9) was  measured  in  a 
different  spectral  region). 

0 
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ABSTRACT 

Annual  and  nocturnal  variations of night-sky  emissions  are  anal- 
yzed  according  to  data  from  electrophotometric  observations  performed 
in  the  Soviet  Union  during  the  period of the  IGY.  The  results of a 
comparison of the  intensities of the  different  emissions  are  given. 
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IV. OH EMISSION ACCORDING TO OBSERVATIONS AT ABAS"ANI 

by L . M. Fishkova  and G. V. Markova 

During  the IGY, spec t ra  of the   n ight   a i rg low were inves t iga ted  
a t  Abas-tumani ( Cp = 36.7O , A = 120.3') by means of  the  powerful 
SP-48 spectrograph,  which i 3  desc r ibed   i n   r e f e rences  (1, 2) .  I n   t h i s  
a r t ic le   a re   p resented   resu l t s   o f   the   p rocess ing  of  about 40 spectro-  

grams showing the  OH emission  in   the 6100-6700 8 region. The spectro-  
Grams were obtained on pe r fec t ly   c l ea r   n igh t s ;   i n   t he   p rocess ing  we took 
account  of  the  spectral   transparency of the  atmosphere,  which was de te r -  
mined during  the  course of each  observation  night  according  to  the 
method descr ibed   in   re fe rence  (3 ) .  Observations  were made i n   t h e   d i r e c -  
t i o n  of north a t  a zenith  angle of z = 67O. 

The rotat ional   temperature  of the  OH bands w a s  determined  accord- 
i ng   t o   t he  (9.3) band f o r   t h e  P branches,   using -the  formulas  given i n  
reference (4) , and  then was reduced  to  the  temperatures  obtained  from 
the  formulas of H i l l  and  van  Vleck  by means of the   t ransparency   fac tor  
given  in   reference ( 5 ) .  

Fig. 1. Relation between i n t e n s i t y  of OH 
(9.3) band  and rotat ional   temperature .  

F izure  1 shows the  dependence of the  logari thm of t h e   t o t a l  
in-Lensi'Ly of the  OH (9.3) band on the  m%nitude  of 1/T. This  depend- 
ence, o'o'bnined by  Yarin (Ref s. 6: 7() i n  Yakutsl;,  which corresponds  to 
an ozone-llyd~ogen  reaction  with  an  activation  energy of 2.7 kcal/mole, 
i s  sl1own by   t he   so l id   l i ne .  As  i s  evident  from  Figure 1, at  Abastmani 
the  in-Lensi'cy of t he  OH bands  possibly  depends on temperature  only a t  
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high  temperatures ( T > 250%) and  not a t  low temperatures ( T < 2 5 0 O K ) .  
Here w e  must remember tha t   t he   po in t s   w i thT  > 250' K p e r t a i n   t o  Januazy, 
February, November, and December 1958 and September 1959, while  the 
points   with T < 250' K p e r t a i n   t o   t h e  summer months. 

0 

0 0 0  
0 0  

Fig. 2. Seasonal   var ia t ions   in   in tens i ty  
and rotational  temperature  of OH band. 

Figure 2 shows the   annua l   va r i a t ion   i n   t he   i n t ens i ty  of t he  
OH (9.3) band  and i n   t h e  OH rotat ional   temperature   for   the  per iod  f rom 
January 1958 through  September 1959. Both the   i n t ens i ty  of t he  OH 
bands  and  the OH rotat ional   temperature  show considerable   var ia t ion 
f rom n ight  to night  and, on the  average,  have  identical   annual  varia- 
t ions   wi th  a maximum i n  November-December. The re la t ive   spread  of 
po in ts   for   the   ro ta t iona l   t empera ture  i s  less   than  that f o r   t h e   i n t e n -  
si ' iy of t h e  OH bands. The rotat ional   temperature   has  a d i s t i n c t  maxi- 
mum in   t he   w in te r  and minimum i n   t h e  summer. The OH band i n t e n s i t y ,  
which yearly  reaches i t s  g r e a t e s t  maximum i n  November-December, may a l so  
have a l e s s e r  maximum i n   t h e  summer t h a t  i s  not  repeated  every  year 
(Ref. 8) The summer f lares  of OH band in tens i ty   a re   no t  accompanied 
by  an  increase i n  the rotat ional   temperature .  



Fig. 3. Relation between r a t i o  of (9.3) and (6.1) 
band i n t e n s i t i e s  and rotat ional   temperature .  

Fig.  4. Seasona l   va r i a t ions   i n   t he   r a t io  between t h e  
i n t e n s i t i e s  of t h e  (9.3) and (6.1) bands. 
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The  mean OH ro ta t iona l   t empera ture   for  Abastumani  from  January 
1958 through  September 1959 was 225 + 10' K, and the  mean i n t e n s i t y  of 
t h e  OH (9.3) band was 160 Rayleighs. 

- 

The dependence of t h e   r a t i o  between %he i n t e n s i t i e s  of the  (9.3) 
and (6.1) bands  on rotat ional   temperature  w a s  studied.  According to our 
observa t ions ,   th i s  dependence i s  absent  (Figure 3 ) .  Independently of 
how the  rotat ional   temperature  changed  during  the  period  under  study, 
t h e   r a t i o  of t h e   i n t e n s i t i e s  of the  (9.3) and (6.1) bands  decreased 
steadily  from  2-1.5  at   the  beginning of 1958 t o  1-0.6 i n  September 1959 
(Figure 4). 
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Fig.  5.  Relation between t h e   i n t e n s i t i e s  of 
t h e  Ha and OH P2 (6.1) emissions: 

1 - observations  during  period of % maximum; 

2 - observations  during  period  of OH maximum; 

3 - observa t ions   in  which t h e  Milky Way was 
i n   t h e   f i e l d  of view of the  spectrograph. 
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Fig. 5 shows  the  relation  between  the  intensities of the % and 
OH P2 (6.1) emissions.  It  was  noted  that  the  intensity of the Ha 

emission  has  a  seasonal  variation  with a maXimum  in  July  (Ref. 9) , while 
the  intensity of the OH emission  is  maximum  in  November-December. If we 
exclude  the  specially  designated  points in Fig. 5 (see  the  symbols  in 
the  figure) , the  relation  between  the  intensities of the Ha and OH P2 

(6.1) appears  distinctly:  increase  in  one  is  accompanied  by  increase 
in  the  other.  This  coincides  with  results  obtained  at  Zvenigorod 
(Ref. 10) and  Yakutsk  (Refs. 6, 11). 

ABSTRACT 

Results of observations of the  emission  bands  and  rotational  temp- 
erature of hydroxyl  at  Abastumani from January 1958 through  September 
1959 are  presented.  Seasonal  variations of OH rotational  temperature 
have  their  maximum  in  winter  and  their  minimum  in  summer,  the  mean 
value  being 225 t 10' K. There  is  probably  someodependence of OH band 
intensity  on  rotational  temperature f o r  T > 250 K. The  ratio of the 
intensities of the (9.3) and (6.1) bands  does  not  depend  on T; this 
ratio  decreased  steadily  during  &he  period of observations.  A  relation 
is  observed  between  the & 6562~ and OH P2 (6.1) emission  intensities. 
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V. POPULATIONS OF HYDROXYL MOLECULF: VIBRATIONAL IJTVlCLS 

by N .   N .  Shefov 

Systematic  observations of OH emission  have  been  conducted a t  
the  Zvenigorod  Station of the  IFA AN SSSR ( I n s t i t u t   F i z i k i  Atmosfery 
Akademii Nauk SSSR -- I n s t i t u t e  of Atmospheric  Physics of the  Academy 
of Sciences USSR). Earlier, t he   abso lu t e   i n t ens i t i e s  of the  OH bands 

i n   t h e   s p e c t r a l   r e g i o n  of  5,200  -12,500 2 were  determined.  Later,  with 
the  accumulat ion  of   data   these  intensi t ies  were made  somewhat  more pre-  
c i s e .  

On the   basis   even of t h e   i n i t i a l l y  measured  intensi t ies ,  one 
could  conclude  that   the  lower  vibrational  levels  have a much g rea t e r  
population  than i s  -the case  with  hydroxyl  molecules  which  have  been 
exci ted  only -to the   n in th   l eve l   (Re f s .  1, 2 ) .  In   addi t ion,   the   observa-  
t i o n s  a t  Zvenigorod do not  show a r e l a t ionsh ip  between the   i n t ens i ty   o f  
t h e  OH ( 9 . 3 )  band  and rotat ional   temperature ,   a l though  isolated  cases  
were  observed i n  which the re  was inc reased   i n t ens i ty  a t  h igh   ro ta t iona l  
temperature  (Refs. 3, 4) .  This i s  also  evidence of a greater   populat ion 
i n   t h e  lower v i b r a t i o n a l   l e v e l s  if  we consider   the mechanisms of forma- 
t i o n  of excited  hydroxyl  molecules -- as a r e s u l t  of ozone-hydrogen 
(Refs. 5, 6 )  and  oxygen-hydrogen (Refs.  '7, 8) reac t ions .  

For a qua l i t a t ive   eva lua t ion  of the  populat ions of the  var ious 
v ib ra t iona l   l eve l s  we plotted,   using  the  Zvenigorod  data,   the  loga- 
rithms of the  OH band  in tens i t ies   aga ins t   the   energ ies  G(v. )  of the  
co r re spond ing   i n i t i a l   v ib ra t iona l   l eve l s   (F igu re  1). ?"ne poin ts   ind i -  
ca t e   t he  measured  band in t ens i t i e s   i n   Ray le ighs .  The l i n e s  show the  
d i s t r i b u t i o n s  of i n t e n s i t y   i n  incremen'is Av = const ,  which  were 

p lo t t ed   f rom  the   t r ans i t i on   p robab i l i t i e s   fo r  a l i nea r   d ipo le  moment 
(Refs.  9 ,  10, 11) i n  such a w q r  that  they   bes t   s a t i s f i ed   t he   cxpe r i -  
mcnt.al values .  A s  i s  evlden'i,   the ZisEislJ2Y3i r a t i o s  of OB Sand- i n t e n s i -  
t i e s  from the  cornon upper   level   are  Ti-: sood agreement  with  the  theo- 
r e t i c a l   c a l c u l a t i o n s .  However, inasmuch as the   l inear   representa t ion  
of a dipole  moment i s  only a f i r s t  approximation, it i s  poss ib l e   t ha t  
not iceable   deviat ions  of   calculated  values   f rom  observed  values  may be 
de t ec t ed   fo r   t r ans i t i ons   w i th  small Av. Using  -the  correlations  between 
band i n t e n s i t i e s   f o r  Av = 2 from  the  data   of   Harr ison and  Jones 
(Ref .   12) ,  Moroz (Refs. 1 3 ,  14), Connes and Gush (Ref. l?), and a l so   the  
da t a   i n   F igu re  1, -the i n t e n s i t i e s  of a l l  OH bands   w i th   i n i t i a l  
v ib ra t iona l   l eve l s  from t h e   t h i r d   t o   t h e   n i n t h  were  calculated.  For 
t h i s   t h e   t r a n s i t i o n   p r o b a b i l i t i e s   f o r  a l i n e a r   d i p o l e  moment were  used. 
The r e s u l t s  of these  calculat ions  are   given  in   Table  1. For 
comparison,  Table 1 a l s o  shows the   abso lu t e   i n t ens i t i e s   o f   t he  OH 
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Fig. 1. Relation  of  the  logarithms  of 
OH band i n t e n s i t i e s   t o  energy G(v) of t h e  
corresponding i n i t i a l   v i b r a t i o n a l   l e v e l s .  
Po in t s   i nd ica t e  measured i n t e n s i t i e s  
(in  Rayleighs) . 

(Ref. 17) . For -the (10.5) band the  value of v d i f f e r s  by 8 em-' 

f rom  that   g iven  by Kraus  (Ref. 18) . 
vac 
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Fig. 2. Dis t r ibu t ion  of populations N, of OH molecules 

over   v ibra t iona l   l eve ls .  The p o i n t   f o r   t h e   t e n t h   l e v e l  
cannot be shown on th i s   g raph   wi th   the   sca le   chosen   for  
the   o rd ina te  axis. 
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Figure 2 shows the  hydroxyl  molecule  population  distribution N, 

over   the   v ibra t iona l   l eve ls  of t he  ground state, as calculated  f rom  the 
OH band i n t e n s i t i e s   l i s t e d   i n   T a b l e  1 with  use of the   absolu te   t rans i -  
t ion  probabi l i t ies   given  by  Shklovskiy (Refs. 9 ,  10) . For  comparison 
we g i v e   i n  Table 2 the  populations  obtained  from  the  absolute  values of 
t he   p robab i l i t i e s  as given  not  only  by  Shklovskiy,  but  also  by Heaps 
and  Herzberg  (Ref. 11) fo r   t he   c3se  of a l inear   d ipole  moment. The 
dis'wibution of populat ions  over   the  vibrat ional   levels  from th ree  to 
e ight  t'nus obtained i s  represented  very  well  by a Boltzmann d i s t r i b u -  
t i o n .  The vibrat ional   temperature  T corresponding t o   t h i s   d i s t r i b u -  

t i o n  i s  9300 +-looo K. These r e s u l t s   a r e   i n  good agreement  with  those 
of other  authors.  From the   da ta  of Fedorova ( R e f .  22) the  value of 
T ,  = 10 , W O O  K i s  obtained;  the  calculations  of  Chamberlain  and  Smith 

(Ref. 16) give Tk = 10 ,OOOo K .  The deviation  from a s t r a i g h t   l i n e   i n  

Figure 2 i s  observed   on ly   for   the   n in th  and t en th   v ib ra t iona l   l eve l s .  
According to   Fedorova 's   data ,  a s imilar   increase  in   the  populat ion of 
t he   n in th   l eve l  i s  absent.  This, however, i s  apparently  connected  with 
the  somewhat lower  value of t he  OH (9.5) band i n t e n s i t y   a s  compared with 
the  Zvenigorod  data  and  the resu l t s  of o ther   inves t iga tors  (Refs. 4, 20, 
28) .   Perhaps  this  i s  explained by a lower re la t ive   popula t ion  of t he  
n i n t h   l e v e l   a t  lower  lat i tudes  (Byurakan),  inasmuch as  according to t he  
observations of Fishkova  and Markova ( R e f .  26) a%  Abastumani, t he re  i s  
no r e l a t i o n  between i n t e n s i t y  and ro t a t iona l   t empera tu re   a t   l ea s t   fo r  
T<250° K, which corresponds to the  range of rotat ional   temperatures  
observed  by  Fedorova  (Refs.  22,  29). In   add i t ion  t o  t h i s ,   t h e   d i s -  
persion of t h e   r a t i o s  of the  OH (9.3) and (6.1) band i n t e n s i t i e s  i s  much 
g r e a t e r   i n   t h e  Abastumani observations  than  in  the  Zvenigorod  data 
(Refs.  3, 4). 

k 

Knowing t h e   i n t e n s i t i e s  of a l l   t h e  OH bands, one  can a l so   de t e r -  
mine the   quant i ty  of molecules  entering some v ib ra t iona l   l eve l  F,(OH) 

apart   from  cascade  transit ions  from  higher  levels,  i . e . ,  t he  number of 
newly  formed excited  molecules.  The d i s t r i b u t i o n  of F,(OH) over  the 

v ib ra t iona l   l eve l s  i s  shown in   F igu re  3. The absolute  values of Fy(OH) 

correspond to the   absolute   values  of N, in   F igure   2 .  It i s  obvious  that  

the  assumption of an  equal   inf lux of molecules to a l l   v i b r a t i o n a l   l e v e l s  
i s  n o t   i n  agreement w i t h  t he   da t a   i n   F igu re  3. This  has  already  been 
mentioned in   r e f e rences  ( 4 ,  30)  on the  basis   of   an  observed  re la t ion 
between  the  intensi t ies  of OH b a n d s   w i t h   d i f f e r e n t   i n i t i a l   v i b r a t i o n a l  
l e v e l s  and rotat ional   temperature   (Refs .  3 ,  4,  26, 28) . From Figure 3 



Fig.  3. Dis t r ibu t ion   over   v ibra t iona l   l eve ls  of 
newly  formed excited  hydroxyl  molecules Fv(OH). 

it i s  also  evident   that   hydroxyl   molecules   are   exci ted  mainly  to   the 
lower   v ibra t iona l   l eve ls .  The f r a c t i o n  of molecules   enter ing  the  ninth 
l e v e l  i s  small. 

From t h i s  it fo l lows   tha t   the   format ion   of   exc i ted  OH molecules 
apparent ly   takes   place  s imultaneously  both  in   the  process  of an  ozone- 
hydrogen  reaction  and i n   t h a t  of an  oxygen-hydrogen  reaction,  the main 
contr ibut ion coming  from t h e   l a t t e r ;  inasmuch as, as already  has  been 
mentioned, a r e l a t i o n  between OH band i n t e n s i t i e s  and r o t a t i o n a l  
temperature  has  not  been  detected a t  Zvenigorod. 

The obtained  results  were compared with  data   f rom  the  laboratory 
experiments  carried  out by Kraus  (Ref. 18). The d i s t r i b u t i o n  of inten-  
s i t i e s  of OH bands  with  differ ing and  even  with  the same i n i t i a l   v i b r a -  
t i ona l   l eve l s ,   c a l cu la t ed  from K r a u s '  da t a  f o r  a l l  the  mixtures  of  re- 
ac t ing   gases   tha t   he   used ,   d i f fe rs   sharp ly   f rom  the   d i s t r ibu t ion   in   the  
spectrum of the   n ight   a i rg low  represented   in   F ig .  1. The d i s t r i b u t i o n  
of hydroxyl   molecule   populat ions  over   the  vibrat ional   levels   for  K r a u s '  
data  corresponds t o  a vibrat ional   temperature   of  13,000 2000 K, 
whereas  the  rotational  temperature,   determined  according  to  the  bands 
observed, i s  approximately TOO0 K. Kraus  ( R e f .  18) asserts t h a t   t h e  
formation of exc i ted  OH molecules  under  laboratory  conditions and a l s o  
i n   t h e  up;3er atmosphere i s  due to an  ozone-hydrogen  reaction.  Unfor- 
tuna te ly ,  however, t he   i n t e rna l   con t r ad ic t ion   o f   t he   va lues   l i s t ed  by 



Kraus  (Ref. 18) for  the  intensities of the OH bands  in  the 6500-9200 2 
region  causes  a  very  great  spread  in  the  points  on  graphs,  similar  to 
the  one  shown  in  Fig. 2, plotted  from  his  data.  This  prevented  deter- 
mining  the  quantity of OH molecules  excited  to  the  various  vibrational 
levels  by  the  ozone-hydrogen  reaction  alone,  and  thus  it  was  not  possi- 
ble to  determine,  on  the  basis of the  experimental  data,  the  role of the 
oxygen-hydrogen  reaction  in  populating  the  vibrational  levels. 

There  is  no  doubt  that  it would be very  important  to  conduct  new, 
more  careful  laboratory  studies of the  hydroxyl  spectrum. 

ABSTRACT 

On  the  basis of measured OH band  intensities,  the  populations of 
the  vibrational  levels  from  the  third  to  the  tenth  are  determined.  The 
distribution  of  newly  formed  excited OH molecules  over  the  vibrational 
levels  is  obtained. 
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VI. ON &3SOLuTE PHOTOMETRY OF AURORA &AD AIRGLOW SPECTRA 

by 0 .  G.  Taranova 

The a b s o l u t e   i n t e n s i t i e s  of  emissions  photographically  recorded 
on a spectrograph  can  be  determined  with  great  accuracy  by making simul- 
taneous  observations  with a cal ibrat ion  photometer .  

I n  February-March  1960  such  observations  were  carried  out a t  t h e  
Loparskaya  Station of IF’A AN SSSR ( I n s t i t u t   F i z i k i  Atmosfery Akademii 
Nauk SSSR -- I n s t i t u t e  of  Atmospheric  Physics  of  the Academy of  Sciences 
USSR) by N .  I. Fedorova  and 0.  T .  Yurchenko  on  SP-48  and SP-50 spectro-  
graphs.  Simultaneous  electrophotometric  observations  were made with a 
photometer similar to   t ha t   desc r ibed   i n   r e f e rence  (1). Readings  were 
taken down by  an  intermit tent   contact   recorder   with  preamplif icat ion as 
descr ibed   in   re fe rence  ( 2 ) .  Constant  photometer  sensit ivity was con- 
t r o l l e d   b y  an  unvarying  cesium  luminophor i n  a 5300 8 f i l t e r .  

Absolute  calibration  of  the  electrophotometer was done with 

respec t  to t he  moon ( a t  5577 8) on a night   with good atmospheric trans- 
pacency (7 - = 0.24).  A d i f fus ing   sc reen  was p l a c e d   i n   f r o n t  of t h e  

n 7 7  
photometer  objective a t  an  angle of 45 degrees to t h e   o p t i c a l   a x i s .   I n  
t h i s  way the  condi t ions  of   cal ibrat ion were s imi la r  t o  the  condi t ions 
of observations of the  night  sky and  aurorae. The d i s t r i b u t i o n  of 
energy i n  t he  moon’s  spectrum was constructed  according t o  t he  known 
s p e c t r a l   d i s t r i b u t i o n  of the  sun’s  energy  (Ref. 3) with  account  taken 

of the  apparent   s te l lar   magni tudes of the  sun ( m  = -26117) and  the moon 

( m  =-12.6), the   spectral   a lbedo of the  moon, the   cor rec t ion   for   phase  m 

(Ref. 4), and the  transmission  curve of t h e   i n t e r f e r e n c e   f i l t e r .  (The 
t ransmiss ion   curve   o f   the   in te r fe rence   f i l t e r  w a s  measured  with a U”2 
monochromator i n  a beam with  an  entry  angle of 5 deg.  which i s  the  
same as that   in   the  photometer . )   This   photometer  w a s  compared with  the 
standard  photometer  described  in  reference (1) I which w a s  adapted  to  
the   i n t e rna t iona l   s ca l e  of t he  Roach photometer.  Divergence i n   t h e  
r e s u l t s  of absolute  photometry  from  simultaneous  measurements  with two 
photometers  did  not  exceed 5 percent .  

I n  o rde r   t o   ob ta in   t he   i n t ens i ty   d i s t r ibu t ion  of the  photo- 
graphic  spectrum in   r e l a t ive   un i t s ,   t he   spec t rog raph  w a s  ca l ib ra t ed  
spec’mally  with  the  aid of a standard lamp ( T  = 27%’ K) and a magnesium 
diffusing  screen.  All photographs  of  spectra  and  calibrating  photo- 
graphs were taken  on  calibrated  type A-600 astronomical   f i lm a t  the same 
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temperature of the  surroundings. 

Two spec t ra l   reg ions  were photographed: 10,000-12,000 8 and 

4800-6000 8. Two s e r i e s  of observations were se lec ted   for   p rocess ing:  
15-16 March, when there  were homogeneous a rcs   wi th   in tens i ty  of about 
2 i n   t h e   f i e l d  of  view of the  instruments  during  exposure,  and 30-31 
March, when there  w a s  an  almost  quiet  night  sky. 

On 15-16 March the  observations were made with  the S P - 9  spectro- 
graph. The photometer  recorded  emission  from  the  region of the   zen i th  

'ihrough a 5377 8 f i l t e r .  The spectrograph was a l so  aimed a t  the   zen i th  

and  photographed  simultaneously  the  emission  from OH bands i n   t h e  

10,000-12,000 8 r eg ion   i n  the f i r s t  order  and  the  green  l ine  in  the 
second  order.  With a two-hour  exposure  the (9.5) , (4.1) , and (5.2) 
bands of OH in   the  night   a i rglow  (Ref .  5) were obtained  in   the  photo-  
graph of the  spectrum. 

On 30-31 March the  observat ions were made with  the SP-48 spectro- 
graph.  One-half of the  spectrograph s l i t  was aimed t o   t h e   n o r t h e a s t   a t  
an angle of 30' to   the   hor izon .  The other   half  of t h e  s l i t  was aimed 
by means of a prism  through a n e u t r a l   f i l t e r  toward the  zeni th   to   photo-  
graph  the  green  l ine.  The photometer  recorded  the  emission  from  the 
region  of   the  zeni th   during  the  ent i re   per iod of exposure. 

I n  photometry of t he   spec t r a ,   t he   i n t ens i t i e s  of t he  measured 
emissions were expressed  in  wavelength  units of 3577 %. By i n t e -  

grat ing  the  area  under  the curve of the  recording of the i n t e n s i t y  of 

5577 8 according  to   the  e lectrophotometr ic   observat ions,  we determined 
the  mean (for   the  exposure  t ime)   absolute   intensi ty   of   the   radiat ion 
t ransmit ted  by  the  interference f i l ter  during  observation of  the  zeni th .  
In  processing  simultaneous  zenith  observations  (of 15-16 March)  of the  
photometer  and  the  spectrograph,  by means of  which it i s  poss ib le   to  
obtain,   with  high  resolution,  the  energy  distribution  in  the  spectrum 
of the   aurora   the   absolu te   in tens i t ies  of the  emissions  in   the  photo-  
graphic  spectrum  are  imediately  determined. 

From 30 -31 March we took a spectrogram a t  an angle t o  t he  
horizon;  the  photometer,  as  already  mentioned,  recorded  the  green  line 
a t  the   zen i th .  Moreover, the   g reen   l ine  on the  photograph  of  this 
spectrum w a s  overexposed.  Therefore,  the 5577 8 i n t e n s i t y  f o r  t h i s  
spectrum was taken  into  account as follows. From the absolu te   in tens i ty  
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of 5577 A a t   the   zen i th   ( f rom  e lec t rophotometr ic   da ta )   wi th   cons ider -  
a t ion  of the   t ransparency   fac tor   for  an a l t i t u d e  of 30' and the   var ia -  
t i o n  in   the  t ransparency  factor   with  spectral   wavelength ( R e f .  6 ) ,  the 

abso lu te   i n t ens i ty   a t  5228 A w a s  determined for  the  spectrogram  photo- 
graphed a t  an  angle to the  horizon. From references ('7, 8) w e  took the  
fol lowing  correlat ions  between  the  intensi t ies   of   auroral   emissions:  

0 

0 

I - 1  0.5 .  
5577' 3914= 

Using  these  correlat ions,  we find t he   abso lu t e   i n t ens i ty  of 

5577 2 in  the  spectrum  photographed a t  an a l t i t u d e  of 30' from  the 

absolute   intensi ty   found f o r  5228 2. The i n t e n s i t y  of the   g reen   l ine  

f o r   t h i s   c a s e  was es t imated   d i rec t ly  from t h e   i n t e n s i t y  of 5577 8 a t   t h e  

zenith  with  consideration  of  the  transparency  factor f o r  an a l t i t u d e  

of 30' and the  van  Rhi jn   factor .  The divergence  between  the  absolute 

i n t e n s i t i e s  of 5577 obtained  by  these two methods  does not  exceed 
10 percent.  

Table 1 
Absolute   Intensi t ies  of Some Ehissions  ( in  Rayleighs) 



Tile transparency  factor  for 5577 A was  determi.ned  according to 

The  resu-lts  of  determining  the  absolute  intensities  by  the 

0 

the  method  of  Bou.guer. 

me-Lhod  described  are shown in  Table 1. 

From  the  known  curve  of  the  transmission of a 5577 8 interf er- 
ence  filter  and from the  portion  of  the  spectrogram  from  the SP-48 that 
was  analyzed  by  photometry,  which  corresponds  to  the  transmission  band 
of  the  filter,  we  determined  the  relative  effective  emission  intensities 
passing  through  the  interference  filter  and  recorded  by  the  photometer 
(Table 2) . 

Relative  Effective  Intensities of Some  Emissions 

- 1- " 

- 
Intensity,  Intensity, 
percent  Emission  percent 
I -r 
I 89 II 

I 9.5 

ABSTRACT 

One  of  the  possible  methods  of  absolute  photometry  of  night-sky 
and  auroral  spectra  by  means  of  simultaneous  observations  by  spectro- 
graph  and  calibration  photometer  is  described.  Some  results  of  the 
analysis  of  such  observations  are  given. 
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V I I .  C0MPP;RISON OF DIURNAL  VARIATIONS  OF FREQUENCY 
OF APPEARANCE  OF  HYDROGEN  EMTSSION AND RADIO REFIZCTIONS 

ON 72 MEGACYCLES 

by A. B .  Korotin 

A t  t he  IFA ( I n s t i t u t   F i z i k i  Atmosfery -- I n s t i t u t e  of Atmospheric 
Phys ics )   s ta t ion  i n  Loparskaya ( @ = 63.6O, A = 126.7'),  systematic 
observations of hydrogen  emission  were made with  an SP-47 pa t ro l   spec-  
trograph ( R e f .  1). In  process ing   the   resu l t s ,  we also  used  spectra  
taken  by  Yevlashin  with a c-180-s  camera a t  t h e  Murmansk Branch of t he  
IZMIRAN Ins t i tu t   zemogo  magnetizma,  ionosfery i raspostroneniya 
radiovola AN SSSR ( I n s t i t u t e  of T e r r e s t r i a l  Magnetism, The Ionosphere, 
and  Radio Wave Propagation  of  the Academy of Sciences USSR). These 
s ta t ions  are   separated  by  about  40 kilometers.  During  the  period  under 
study,  hydrogen  emission w a s  observed  for  a t o t a l  of 123 n igh t s ,  and 
the  number of spectrograms  showing  hydrogen  emission  exceeds 1000. The 
equipment made it poss ib l e   t o   r eco rd  hydrogen  emission  with  an  intensity 
grea te r   than  200 Rayleighs. 

Direct  comparison  of  radio  reflections  from  aurorae  with  hydro- 
gen emission  does  not,  according  to  our data, show not iceable   cor re-  
l a t i o n  between  these phenomena. Therefore I i n   t h i s   a r t i c l e  we compare 
the   d iurna l   var ia t ion   o f   the   appearance   o f   rad io   re f lec t ions  on 72 me 
with  the  diurnal  variation  of  appearances  of  hydrogen  emission  in 
aurora l   spec t ra .  Inasmuch as r ad io   r e f l ec t ions  were  observed  around  the 
c lock ,   t he   r e l a t ive  number of  observed  cases of r a d i o   r e f l e c t i o n s   i n  a 
given  hour of t h e  24 for   the  per iod  under   s tudy was accounted  for .  
Data on r ad io   r e f l ec t ions  w a s  taken  from  the  observations  by  Birfel 'd 
and  Grachev a t  t he  IFA s t a t i o n   i n  Loparskaya. The r a d a r   s e t  i s  de- 
sc r ibed   in   re fe rence  ( 2 ) .  I n   p l o t t i n g   t h e   d i u r n a l   v a r i a t i o n   i n   t h e  
frequency of appearance  of  hydrogen  emission, we c a l c u l a t e d   t h e   r a t i o  
of the  number of cases of observation  of  hydrogen  emission to the  over- 
a l l  number of observations a t  a given  hour of the  day.  Results of the  
comparison of t hese   f i gu res   a r e  shown i n   t h e   f i g u r e .  

The s o l i d   l i n e  shows the   d iurna l   var ia t ion   in   the   f requency  of 
appearance of radio  ref lect ions  f rom  aurorae;   the   broken  l ine shows the  
d iu rna l   va r i a t ion   i n   t he   f r equency  of appearance  of  hydrogen  emission. 
For  comparison the var ia t ion   curve  of the   hor izonta l  component of the  
magnetic f i e l d  i s  a l so  shown. In   t he   g raph   p lo t t ed   fo r   t he   w in te r  
months  (November-February) two closely  coinciding maxima are  observed, 
one  of  which  occurs a t  17-18 hours  world time (magnetic  noon),  and  the 
o t h e r   i n   t h e  morning hour s .   In   t he   g raph   p lo t t ed   fo r  the f a l l  months 
the re  i s  a l so  a correspondence i n   t h e   d i u r n a l   v a r i a t i o n s ;   o n l y   i n   t h i s  
case  the main maximum i s  sh i f t ed   c lose r   t o   midn igh t .   S imi l a r   d iu rna l  
v a r i a t i o n s   m e   a l s o   o b t a i n e d   f o r   t h e   s p r i n g  months I b u t   t h e  small 
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quant i ty  of  experimental   data  does  not  permit  reliable  conclusions as 
yet.   Apparently,   the maximum of the  curve i s  shifted  toward  midnight 
i n   t h e   s p r i n g  too. The d i u r n a l   v a r i a t i o n   i n   t h e   h o r i z o n t a l  component 
of the   magnet ic   f ie ld   has  a ve ry   d i s t i nc t   cha rac t e r .   Th i s  i s  discussed 
i n   d e t a i l   i n   r e f e r e n c e  ( 3 ) .  

It i s  a l s o   i n t e r e s t i n g   t o   n o t e   t h a t   i n   t h e   w i n t e r ,   r a d i o   r e f l e c -  
t ions  are   not   observed  in   the  dayt ime.  Inasmuch as the   d iurna l   var ia -  
t i o n s  of r a d i o   r e f l e c t i o n s  and  hydrogen  emission  coincide,  one may ex- 
p e c t   t h a t  hyd-rogen emission i s  not   observed  in   the  dayt ime  e i ther .  

- /  

Z 
-x- 3 
"0" 

time,  hours 

Comparison of diurnal   var ia t ions  of   f requency of 
appearance of hydrogen  emission  and  radio  reflections 
on 72 me.  The upper  graph i s  f o r   t h e  f a l l ,  the  lower 
f o r   t h e   w i n t e r .  World time: 

1 -- r ad io   r e f l ec t ions ;  
2 -- hydrogen  emission; 
3 -- hor izonta l  componen'c of magnet ic   f ie ld .  
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ABSTRACT 

The coincidence  of   diurnal   var ia t ions  of   the   f requencies   of   appear-  
ance of au ro ra l  hydrogen  emissions and au ro ra l   r ad io   r e f l ec t ions  on 
72 me p l o t t e d   f o r   t h e  f a l l  and winter months i s  shown. 
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V I I I .  ON THE RELATION OF IN?IEGRAL BRIGHTNESS OF AURORAF: 

OSCILLATIONS OF EP;RTH CTJRFWTTS 
TO GEOMAGNEnC FIELD VARIATIONS AND SHORT-PERIOD 

by A. B. Korotin 

Comparisons made by  various  authors  (Refs.  1, 2) show t h a t  
aurorae,  magnetic  and  ionospheric  storms,  and earth c u r r e n t s   m e  
c lose ly   r e l a t ed   t o   each   o the r ;   an   au ro ra  i s ,  as a r u l e ,  accompanied  by 
magnetic  storms and ionospheric  disturbances.  However, no exact 
r e l a t i o n  between  these phenomena has  been  detected. I n  the  major i ty  
of cases,   in  these  comparisons  the  brightness of aurorae w a s  measured 
with  pho.tometers  or  spectrographs  having  narrow  angles of view,  which 
by   v i r tue  of t h e   f e a t u r e s  of the i r   des ign   could   no t   p rovide   fu l l   in for -  
mation on the   b r ightness  of the  aurorae.  A t  t h e  same time it i s  c l e a r  
t h a t  a magnetic  disturbance may be  caused  by a source  located anywhere 
and  having  dimensions  considerably  exceeding  the  area of the  sky  usually 
observed.  In  view  of  this;  widening  the  angle  of  view  of  the  photo- 
meter may possibly  provide more a c c u r a t e   r e s u l t s   o r ,   i n  any  case, show 
more quickly a d i r e c t   r e l a t i o n  between  magnetic f i e l d   v a r i a t i o n s  and 
va r i a t ions   i n   au ro ra l   b r igh tness .  Murcray  (Ref. 3) ; using a photometer, 
measured  the  l ight   f lux  f rom  the  sky  scat tered  by a plane  surface  but  
d id   no t   de tec t  a c l o s e   r e l a t i o n  between  the  brightness of aurorae  and 
t h e   a c t i v i t y  of ea r th   cu r ren t s .  

For  the  purpose  of  comparing  variations  in  the  magnetic f i e l d  
and in   aurora l   b r igh tness ,  a photometer  with  an  angle  of  view of 180° 
w a s  prepared a t  the  Loparskaya  station.  For  this,   the  motion  picture 
appara tus   in  a c-180  camera was replaced  with  an FEU-19 photomult ipl ier .  
The i n t e n s i t i e s  of the  aurorae were  measured  without f i l t e r s .  The 
photocurrent w a s  amplified  by a DC amplifier and  recorded  with  an ill-370 
recording  instrument.  The obtained  recordings of va r i a t ions   i n   au ro ra l  
i n t e n s i t y  I were  compared wi th   va r i a t ions   i n   t he   ho r i zon ta l  compo- 

nent   of   the   magnet ic   f ie ld  H ( acco rd ing   t o   t he   da t a  from MO (Murmanskoye 
Otdeleniye - Murmansk Branch) of IZMIW) and with  the  amplitude  of 
sho r t -pe r iod   o sc i l l a t ions   o f   ea r th   cu r ren t s  (KPK) (accord ing   to   the   da ta  
from I F Z  AH SSSR ( I n s t i t u t   F i z i k i  Zemli  Akademii Nauk SSSR - I n s t i t u t e  
of  Physics  of  the  Earth of  t h e  Academy of  Sciences USSR) s t a t i o n  at 
Lovozero). 

aur . 

Examples of such  conparisons a:-$ .;horn i n  F igne  1. Comparison 
of va r i a t ions   i n   t he   au ro ra l -  and  magnet ic-f ie ld   intensi t ies  makes it 
poss ib l e   t o   e s t ab l i sh  some co r re l a t ion  between  them  on the  basis of 
our  observations.  

1. Even weak f lares  of auroral   br ightness  are, as a r u l e ,  
accompanied  by a deviat ion of the  magnet ic   f ie ld   f rom i t s  normal s t a t e  
and  by  an  increase  in KPK ( shor t -per iod   ear th-cur ren t   osc i l la t ion)  
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Fig. 1. Comparison of v a r i a t i o n s   i n   a u r o r a l   i n t e n s i t y  
I wi th   va r i a t ions   i n   t he   pe r tu rbed   magne t i c   f i e ld  Il 

aur .  
(Bo i s  t h e   l e v e l  of the  quiet   magnet ic   f ie ld) .  World time. 

a - st rong  dis turbance;  b - weak disturbance; 1 - no 
KPK; 2 - weak KPK; 3 - average KPK; 4 - s t rong  KPK. 
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amplitude. 

2. KPK ampl i tude   cor re la tes   be t te r   wi th   aurora l   b r igh tness   than  
does   the   hor izonta l  component of the  magnet ic   f ie ld .  

3. In   the  absence of aurorae,   the   magnet ic   f ie ld  i s  qu ie t .  

4. The r e l a t i o n  between  auroral   brightness and the   hor izonta l  
component of the   magnet ic   f ie ld  i s  also  maintained when the re  i s  a 
pos i t ive   bay  of v a r i a t i o n s   i n   t h e   h o r i z o n t a l  component. 

5.  Within  the  general   relation  between  the  magnetic  f ield and 
aurorae ,   ind iv idua l   d i f fe rences   in   the   courses  of these  phenomena a r e  
ob served. 

a .  While aurora l   b r igh tness  may vary  over a wide  range i n  a 
comparatively  short   period  of  t ime,  fall ing  often t o  t h e   i n i t i a l   l e v e l ,  
the   hor izonta l  component of the   magnet ic   f ie ld   increases  as r ap id ly  as 
does  auroral   br ightness ,   but  - i t s  re'curn to t h e   i n i t i a l   l e v e l  i s  slower. 
Therefore, if  s e v e r a l   f l a r e s  of aurora l   b r igh tness   fo l low one  another 
af ter   comparat ively  short   in tervals ,   each  succeeding  f lare   in   the 
magnetic f i e l d  starts not  a t  the  normal   level   but  a t  a per turbed   leve l .  

b .  The grea tes t   devia t ion  of the   hor izonta l  component from  the 
normal l e v e l  i s  observed  several  minutes after the  maximum brightness  
of the  aurora .  

It i s  known t h a t  a change in   e l ec t ron   concen t r a t ion   i n   t he  
ionosphere  differs  somewhat f rom  the  e lectron  formation  funct ion 
(Ref. 2 ) ,  i . e . ,   t h e r e  i s  observed a de lay   i n   t he   i on iza t ion  maximum 
and a s lower  decl ine  in   ionizat ion as compared with  the  course of t he  
electron  formation  funct ion.  A similar phenomenon i s  also  observed  for  
v a r i a t i o n s   i n   t h e   i n t e n s i t y  of an aurora  and  the  magnetic  f ield.  

Experimental  methods  of  determining  the  recombination  coefficient 
have  been  based  on  the  effects  of  delay  in  the maximum and slow decl ine 
of ion iza t ion .  Mitra and  Jones  give  for  these  cases  the  following 
formulas : 
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for   ca lcu la t ing   the   recombina t ion   coef f ic ien t   f rom  the   d i f fe rence   in  
r a t e s  of decay  (Ref. 4) and 

1 a : =  - 
*NT 

f rom  the  delay  in   the  ionizat ion maximum (Ref. 5).  Here, a i s  the  
coe f f i c i en t  of  recombination, N the   e lectron  concentrat ion,  T the   de lay  
time, Q, t he  maximum value of ionization,  and 0 the   e lectron  con-  

cen t r a t ion  a t  a given moment. 

I “ 1  x - z  0 - 3  
I I I J 

time,  hours 

Fig. 2. Comparison o f   va r i a t ions   i n   i n t ens i ty  
I (broken  l ine ) of aurora of 29 February  1960 
wi th   the  change in   the   hor izonta l   magnet ic  
f i e l d  component H ( s o l i d   l i n e )  and with  the 
theo re t i ca l   va r i a t ion   o f   i on iza t ion :  

i - a = 0.5*10-~;  2 - a: = 1*10-~; 

3 - a = 1.5*10’9. 

From the  dynamo theory  (Ref.  6) it fo l lows   t ha t  a change i n   t h e  
magnetic f i e l d   s h o u l d   b e   r e l a t e d   t o  a change i n   i o n i z a t i o n  and a change 
of  wind in  the  upper  atmosphere. However, it may be expec ted   tha t   the  
wind w i l l  no t  be changing much i n  a s h o r t   i n t e r v a l  of time. Therefore; 
l e t  u s  assume t h a t   i n   t h e  f i rs t  approximation a change in   the  magnet ic  
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f i e ld   co inc ides   w i th  a change i n   i o n i z a t i o n .  L e t  us   a l so  assume t h a t  a 
v a r i a t i o n   i n   a u r o r a l   i n t e n s i t y   r e f l e c t s  a change i n   t h e   e l e c t r o n   f o r -  
mat ion  funct ion.   In   Figure 2 we show the  change i n   a u r o r a l   i n t e n s i t y  
I and  the  corresponding  var ia t ion  in   the  horizontal   magnet ic   f ie ld  
component  on 29 February 1960. I n   t h e  same f i g u r e  w e  show the   t heo re t i -  
c a l  change in   ion iza t ion   ca lcu la ted   f rom  formula  (1) fo r   va r ious  recom- 
b ina t ion   coe f f i c i en t s  (see the  arbitrary  symbols).   Electron  concen- 
t r a t i o n  N w a s  ca l cu la t ed   f rom  the   c r i t i ca l   f r equency   fo r   t he  ES layer  

and was equa l   t o  3.5.105 em-3. From Figure 2 it i s  ev idept   tha t   the  
best  correspondence  between N and H i s  ob ta ined   fo r  

a = 1.10-9 cm3/sec. The  same r e s u l t  i s  obtained when the  recombination 
coe f f i c i en t  i s  ca lcu la ted   f rom  the   de lay   in   the   ion iza t ion  maximum. 

The recombination  coefficient  thus  obtained i s  i n   v e r y  good 
agreement  with  the  theoretical   value of a for   the   E- layer  a t  n ight .  
This  correspondence i s  v a l u a b l e   i n   i t s e l f ,   a n d   a l s o   i n d i c a t e s   t h e  
v a l i d i t y  of the  assumptions on which the   ca l cu la t ion  was based. 

The small quan t i ty  of experimental   material   does  not  permit  us  to 
d r a w  any f ina l   conc lus ions ,   a l though  the   p referab i l i ty  of t he  dynamo 
theory   for   expla in ing   the   resu l t s   ob ta ined  seems obvious. 

The author  thanks M. L. Bragin  and A. A. Bykov of the  Northern 
S c i e n t i f i c   S t a t i o n ,  M. I. Pudovkin  and V .  N.  Antsyshkina of IzNIRAnT, 
and L. V.  Al'perovich of IFZ AN SSSR f o r   t h e   o p p o r t u n i t y   t o  become 
acquainted  with  the  resul ts  of their   observat ions  and to use  these  data  
i n   t h i s   a r t i c l e .  

AEGTRACT 

Resul ts  of auroral  brightness  measurements made a t  the  Loparskaya 
s t a t i o n   ( I n s t i t u t e  of  Atmospheric  Physics  of  the Academy of Sciences 
USSR) by means of a photometer  with a 180' angle  of  sight  are compared 
wi th   va r i a t ions   i n   t he   ho r i zon ta l  component of t h e  geomagnetic f i e l d  
and wi th   sho r t -pe r iod   o sc i l l a t ions  of t he   ea r th   cu r ren t s .  A c l ea r  
connection  between  auroral   brightness  and  variations  in  the  geomagnetic 
f i e l d  i s  confirmed. The d i f fe rences   in   the   courses  of these  two phen- 
omena a re   s t a t ed ,  and  an  attempt to explain them  on the  basis of the  
dynamo theory i s  made. A connection  between  auroral   brightness and the  
ampli tude  of   short-per iod  osci l la t ions  in   the  ear th   currents  i s  s t a t ed .  
An attempt to ca lcu la te   the   recombina t ion   coef f ic ien t  i s  made. 
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IX. ON A POSSIBLE MECHPINISM OF GENERATION 
OF MAGNETIC DISTURBMCES 

by A. B . Korotin  and M. I. Pudovkin 

The in t e rac t ion  of solar   corpuscular   s t reams  with  the  ear th 's  
atmosphere  has up to now been known o n l y   i n   t h e  most general   terms. 
This   of ten makes it necessary to limit one ' s   s e l f  to examining a 
s t a t i s t i c a l   r e l a t i o n  between  the  indexes;  instead  of a phys ica l   ana lys i s  
of the  processes .  However, t h e   s t a t i s t i c a l l y   d e r i v e d   r e l a t i o n  between 
the  various  indexes of a magnetic-ionospheric  storm,  which  under  con- 
siderable  averaging  gives a h igh   coef f ic ien t  of co r re l a t ion ,  becomes 
worse for   individual   cases   and i s  sometimes  completely lost. 

The p r e s e n t   a r t i c l e ,   b a s e d  on experimental   data  obtained  by  the 
authors a t  t he  IFA AN SSSR s t a t i o n   i n  Loparskaya  and a t  the  Murmansk 
Branch of IZMIRAN, p resents  a study  of a rather  strong  magnetic  storm. 

A s  a r e s u l t  of  comparing the   va r i a t ions  of t he  geomagnetic f i e l d  
wi th   the   in tens i ty   o f   the   aurora  as measured  with a 180-degree  pho- 
tometer  (Ref. 1): a very  close  connection w a s  found  between  these 
phenomena in   every   case  of a magnetic  disturbance. 

Before  beginning a de ta i l ed   ana lys i s  of an  individual  magnetic 
storm, we sha l l   d i scuss   s eve ra l  of the   genera l   fea tures  of the  course 
of a magnetic  disturbance. As w a s  shown in   r e f e rences  (1, 2 ) ,  a con- 
s iderable   delay i s  observed  (up  to 15 minutes)   in   the  m a x i m u m  of a 
magnet ic   dis turbance  re la t ive to the  maximum of aurora l   b r igh tness .  
This  indicates  that   magnetic  disturbances ( a t  l ea s t   t he i r   l ong-pe r iod  
por t ion ,  which i s  measured  with  variometers  having a magnetic  needle) 
a re   c lose ly   re la ted   to   increased   ion iza t ion   in   the   ionosphere   under   the  
ac t ion  of a primary  corpuscular  stream,  i .e. ,  to increased  ionospheric 
conductLvity. This l imits  considerably  the number of processes   possibly 
causing  magnetic  disturbances. We shal l   not   dwell  on the  form of the  
current  systems or the  magnitude of the   cur ren t ,   s ince   these   da ta   a re  
d i scussed   i n   su f f i c i en t   de t a i l   e l s ewhere ,  for example in   r e f e rence  ( 3 ) .  
It may be  expected  that   processes   direct ly   re la ted 'LO the   incurs ion  of 
a co.rpuscular  stream  should  have similar d iu rna l   va r i a t ions .  However, 
in   averaging a l a rge  number of cases ,   the   features   connected  with a 
specif ic   aurora   are   e l iminated,  if  t hese   f ea tu re s  do not   have  their  own 
d iu rna l   va r i a t ion .  

This i s  i l l u s t r a t e d  by a f i g u r e   i n   r e f e r e n c e  ( 4 ) ,  which shows 
d iu rna l   va r i a t ions   i n   t he   f r equency  of appearance  of  radio  reflections 
from  aurorae  and hydz-ogen emission  on a frequency of 72 me.  The d iurna l  
va r i a t ions  were p r a c t i c a l l y   i d e n t i c a l   i n   s p i t e  of t he   d i f f e ren t   o r ig ins  
of these  processes  and  the  absence of a d i r e c t   r e l a t i o n  between  the 
presence of hyclrogen emission  and  radio  reflections  (not more than 
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40 percent of the   cases  were coincident) .   Consequent ly ,   th is   diurnal  
v a r i a t i o n   r e f l e c t s   t h e   d i u r n a l   v a r i a t i o n  of an in t rus ion  of a corpus- 
cular  stream, and more p a r t i c u l a r l y  so s i n c e ,   i n   t h e  f i r s t  p lace ,  it i s  
d i f f i c u l t   t o  imagine  another  process  that  could  connect  these two 
phenomena, and,  secondly,  because  hydrogen  emission i n   a u r o r a l   s p e c t r a  
ind ica tes   d i rec t ly   the   incurs ion  of a corpuscular  stream. 

!2 16 20 24 04 08 

time,  hours 

Fig. 1. Diurnal   var ia t ion  of   meridional  component of 
ionospheric wind velocity  for  January-February 1959. 
World time . 

The curves shown i n   t h e   f i g u r e   i n   r e f e r e n c e  ( 4 )  were p l o t t e d   f o r  
the  winter  period.  For  comparison,  the  diurnal  variation  in  the  hori-  
zontal   magnet ic   f ie ld  component for the  same per iod i s  a l so  shown the re .  
The sharp  difference  between  these  curves  can  only be explained  by  the 
fac t   tha t   the   magnet ic   var ia t ions  and the  currents   causing them a r e  
re la ted   no t  0nl.y to   t he   i ncu r s ion  of a corpuscular   s t ream  but   a lso  to  
some other  process  in  the  upper  atmosphere  with i t s  own d iu rna l   va r i a -  
t i o n ,  t h i s  d isp lac ing   the  m a x i m u m  of magnet ic   act ivi ty .  The general  
character  of the  curve of t he   d iu rna l   va r i a t ion  of such a process  can 
be  evaluated from comparison  of the  curves   descr ibed.   In   Figure 1 we 
show the   d iu rna l   va r i a t ion  of the  meridional component of ionospheric 
wind ve loc i ty   v ,  which i s  d i r e c t l y   r e l a t e d   t o   t h e   p r o c e s s  of generat ion 
of a current   in   the  ionosphere,   whereas   ionizat ion i s  r e l a t e d   t o   t h e  
d iu rna l   va r i a t ion  of the   incurs ion  of a corpuscular  stream. To de t e r -  
mine the  mechanism of current   generat ion,  it i s  necessa ry   t o   f i nd  a 
process   having  the  diurnal   var ia t ion shown in   F igu re  1. For   th i s   pur -  
pose ,   l e t   u s  examine a s p e c i f i c  example. 
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Fig. 2. Diurna l  var ia t ion   o f   vec tors   o f  d i s t u r b e d  
magnet ic   f ie ld  on 26 March 1939. World time. a - 
in   the   hor izonta l   p lane ;  b - i n   t h e   v e r t i c a l   p l a n e .  

Figure  2a shows the   d iu rna l   va r i a t ion   i n   t he   vec to r  of t he   ho r i -  
zonta l  component of the   d i s turbed   magnet ic   f ie ld  H on 26 February 1959. 
Attention i s  drawn t o   t h e   f a c t   t h a t  a t  18 hours  world  time  the  magnetic 
dis turbances  change  s ign  f rom  posi t ive  to   negat ive,  and f o r  a c e r t a i n  
per iod   the   d i s turbance   equals   zero   in   sp i te  of t h e   f a c t   t h a t   d u r i n g  
this   t ime,   corpuscular  streams are  observed  with  the  greatest   frequency. 
The d i s t r i b u t i o n  of t he   vec to r s   i n   t he   ve r t i ca l   p l ane   (F igu re  2b) shows 
tha t   t he   cen te r  of g rav i ty  of the   e lec t r ic   cur ren ts   caus ing   the   magnet ic  
disturbances i s  moving f rom  nor th   to   south   un t i l  18 hours,  and from 
sou th   t o   no r th   a f t e r  18 hours .   This   s i tua t ion  i s  always  observed,  and 
does  not  depend on the   i n t ens i ty  of the  storm.  Thus, a t  18 hours  the 
d i r ec t ion  of movement of   the   en t i re ,cur ren t   sys tem i s  changed. If we 
assume t h a t   t h i s  movement i s  determined  by  winds in   the   ionosphere  
(Ref. 5 ) >  the  wind d i rec t ion   in   the   ionosphere  must a l so  change a t  18 
hours . 

Thus, t h e   r e s u l t s  of experiments   lead  to   the same i n i t i a l   d a t a  
as a re  a t  t he   bas i s  of the  dynamo theory  (Ref. 3) and the  observed 
fea tures   a re   expla ined  most s imply  and  natural ly   by  this   theory.  

In   f ac t ,   a cco rd ing   t o   t h i s   t heo ry ,   t he   i n t ens i ty  of the  iono- 

+ -a 
the  ionosphere, t/ i s  wind  speed,  and Z i s  t h e   v e r t i c a l  component of 
t he  geomagnetic f i e l d .   I n   t h i s   c a s e o  i s  p ropor t iona l   t o   i on iza t ion  
dens i ty  and  should  have a t  night  a d i u r n a l   v a r i a t i o n  similar t o   t h e  

d iu rna l   va r i a t ion  of corpuscular   s t ream  intensi ty ,   whi le  I/ has i t s  own 
+ 
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d iu rna l   va r i a t ion ,  which i s  n o t   r e l a t e d   t o  stream in tens i ty   (Ref .  6).  

As a r e s u l t ,   t h e   d i u r n a l   v a r i a t i o n  of ? shouxd d i f f e r  from t h a t  of 0. 

I n   a d d i t i o n ,   f o r  a r a p i d  change i n   t h e  magnetic f i e l d ,   t h e   f a c t   t h a t  
ion iza t ion   dens i ty  i s  determined  not  only  by  the  magnitude  of  the 
recombination  coefficient a but   a l so   by   the   ion iz ing   po ten t ia l  of the  
corpuscular  stream becomes important. Thus, a magnetic  disturbance is  
determined  by  thre 'e  quantit ies:  the wind  speed, rate of ion  formation 
q ( t ) ,  and  recombination  coefficient. I n  t h i s   a r t i c l e  we a t tempt   to  

J 

determine  these  three  quantit ies.  

F i r s t  of a l l  we should  mention  that   the  obtained  diurnal  varia- 
t i o n  of wind has one pecu l i a r i t y .  From Figure  2a, it i s  ev iden t   t ha t  
the   vec tor  of a magnetic  disturbance  has a ra ther   cons tan t   d i rec t ion  
over a 24-hour period  independently of t h e   i n t e n s i t y  of the  magnetic 
disturbance (30° t o   t h e  w e s t  of magnetic  north  during  the  daytime,  and 
150' t o   t h e   e a s t  of  magnetic  north a t  n ight ) .   S ince   the   d i rec t ion  of 
the  ionospheric  winds must  change in   the   course  of a 24-hour per iod,  
such a cons tancy   in   the   d i rec t ion  of the  vector  of a magnetic  disturb- 
ance i s  evidence  that   the   regions of corpuscular   incurs ion   a re   g rea t ly  
e longated  in   an  approximately  longi tudinal   d i rect ion.   Therefore ,   only 
t h a t  component of   the  wind  veloci ty   that  i s  perpendicular  to  the  major 
ax i s  of these   reg ions ,   i . e . )   the   mer id iona l  component,  can  be  determined 
from  magnetic  data. 

We s h a l l  now use   t hese   r e su l t s   t o  examine a r a the r   i n t ense  mag- 
net ic   s torm  occurr ing on 1 March 1960, the   cen ter  of grav i ty   o f  whose 
sources w a s  loca ted  above  our s t a t ions .   In   r e f e rence  (1) it w a s  shown 
t h a t  changes i n   t h e   h o r i z o n t a l  component of the   magnet ic   f ie ld   a re   very  
c lose ly   r e l a t ed   t o   changes   i n   t he   i n t ens i ty   o f   au ro ra l   emis s ions  as 
recorded w i t h  a 180° photometer.   In  Figure 3 we show a recording of the  
change in   in tens i ty   o f   the   aurora  I and of the  component of t he  mag- 

n e t i c   f i e l d  H.  As i s  evident  from the f igu re ,   t he  two curves  indeed 
have much i n  common. However, t he re   a r echa rac t e r i s t i c   d i f f e rences  
between them which are  preserved  during  other  storms as wel l .  Inasmuch 
as these   d i f fe rences  are of g rea t   s ign i f i cance   i n   ca l cu la t ion ,  it i s  
worth  repeating  them. 

aur . 



time, hours 

Fig. 3. Comparison of var i a t ions  of t he   au ro ra   i n t ens i ty  

Of Iaur. and t h e  component of magnetic f i e l d  H f o r  1 March 

1960. (Ho i s  t h e  l e v e l  of t h e   q u i e t   f i e l d .  ) World time. 

1. The m a x i m u m  of H lags  behind  the maximum of I by  an  average 
of 5 minutes. 

2. The co r re l a t ion  between  the  amplitudes of individual  peaks 
i n  H does  not  coincide  with  the  correlation  between  the  corresponding 
peaks  in I .  For  example, on the  I-curve  the  second  peak i s  the   g rea t -  
e s t ,   wh i l e  on the  H-curve t h e   t h i r d  peak i s  t h e   g r e a t e s t .  

3. Between peaks  the  value of I f a l l s  almost  to  zero,   while  the 
decrease   in  H i s  much l e s s ;  a t  t h e   f i n a l   s t a g e  of the  storm, H r e tu rns  
t o  its normal  value  noticeably more slowly  than  does I. These f ea tu res  
of t h e   v a r i a t i o n   i n  H,  as already  mentioned i n   r e f e r e n c e  (l), a r e   e a s i l y  
explained  by a small recombination  coefficient . 

From the  delay of the   peaks  in  H r e l a t ive   t o   t he   peaks   i n   au ro ra l  
i n t e n s i t y  and  f rom  the  differ ing  ra tes  of a t tenuat ion  of H and I, one 
of the  authors  (Ref.  1) eva lua ted   fo r  a number of individual   bays  the 
magnitude of the  recombinat ion  coeff ic ient   in   the  ionosphere a t  the  
a l t i t u d e  a t  which  flow  the  currents  that  cause  magnetic  disturbances. 



The recombination  coefficient  turned  out  equal  to (1-4) .lo-’ em /see.  
This  indicates  that   the  currents  causing  magnetic  storms  f low,  apparent- 
l y :   i n  the E- layer .   In   the   case  of the  storm  under  study we can, 
s t r ic t ly   speaking,   determine  only a N, but  zroceeding  from a number of 
addi t ional   considerat ions,  we can  determine a more p rec i se ly .  

3 

F i r s t  of a l l ,  i n  comparing H and I, it i s  necessary  to  take i n t o  
accoun t   t he   f ac t   t ha t   t he  change i n  H i s  a f fec ted   by  a change i n  wind 
speed. It i s  not  known  how the  wind  speed  varied  during  this  storm. 
Therefore ,   the   effect  of t h e  wind w a s  calculated  f rom  the mean d iurna l  
va r i a t ion  of  wind ve loc i ty  for the appropriate  season  (see  Figure 2 ) .  

I9 za 2’ time , hours 

Fig. 4. Comparison of   var ia t ions  of  I and calculated 
aur .  

changes in   ion iza t ion   dens i ty .  World time. Symbols a re  
t h e  same as i n   t h e   t a b l e .  

The va r i a t ion   i n   i on iza t ion   dens i ty   ( i n   r e l a t ive   un i t s )   ob ta ined  
during the storm i s  shown in   F igu re  4. 

If it i s  t rue   t ha t   t he   e l ec t r i ca l   cu r ren t   i n   t he   i onosphe re  i s  
due t o  a dynamo e f f e c t  and that the  ion  formation rate q i s  proport ional  
to t he   i n t ens i ty  I of auroral  emission  (Ref. l), t h e   v a r i a t i o n   i n   i o n i -  
zat ion  densi ty   calculated  f rom  the  magnet ic   f ie ld   should  coincide w i t h  
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tha t   ca lcu la ted   f rom I. The value of N w a s  calculated  from I i n   t h e  
following manner. 

A t  each moment of  time, N ( t )  s a t i s f i e s   t he   i on iza t ion   ba l ance  
equation 

d3J (t). = g (t) - a N2 ( t ) .  
d t  

This  equation was solved  by  numerical  integration; the chief  parameters 
that   determine  the  ion  formation  rate  and  the  recombination  rate were 
determined  from  the  following  considerations.  In  Figure 4 it i s  ev i -  
dent   tha t   the  maxima of N a r e   de l ayed   r e l a t ive   t o   t he  maxima of I by 3 

t o  10 minutes. Inasmuch a s   a t   t h e  moment of a m a x i m u m  N(dN/dt) = 0 , 
q ( t )  = -a N2 and  since T = 1/2 a N ( R e f .  7) , then 

g =  1 and N = 2qT. 
k T 2  

max 

Thus, there   a re  s t i l l  th ree  unknown parameters: g and a ,  Nmax I 

which are   re la ted   to   each   o ther   in   such  a way t h a t  any  one of  them 
uniquely  def ines   the  other  two. For ca lcu la t ion  we used  the  values 
shown i n   t h e   t a b l e .  

Values of Parameters Used t o   P l o t  Curves 1, 2 ,   3 . i n   F i g .  4 

From Figure 4 it i s  evident   that   the   curves   thus  obtained  coin-  
c ide   r a the r   we l l   i n   fo rm  wi th   t he   va r i a t ion   i n   i on iza t ion   dens i ty   ca l -  
culated  from  magnetic  data.   This  indicates  that   the  assumptions  about 
t he   exc i t a t ion  of e l ec t r i c   cu r ren t s   i n   t he   i onosphe re  and  the  re la t ion 
of t h e i r   i n t e n s i t y   t o   t h e   a u r o r a l   i n t e n s i t y   a r e   a p p a r e n t l y   c o r r e c t .  
F i r s t  I auro ra l   i n t ens i ty  measured  with  the 180° photometer may i n   f a c t  
be  considered  proportional  to  the  ion  formation  rate;   second,  the 
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magnitude  of a magnetic  disturbance i s  determined,  according t o   t h e  
dynamo theory,   both by the  intensi ty   of   the   corpuscular   s t ream and by 
the   ve loc i ty  of the  ionospheric  wind. 

Since a l l  -three  curves i n   F i g u r e  4 a r e   r a t h e r   c l o s e   t o  one 
another,  it i s  no t   poss ib l e   t o   s ay   w i th   ce r t a in ty  which of t he   t h ree  
cases  corresponds more c l o s e l y   t o   r e a l i t y .  

Nonetheless,  curve 1 apparent ly   co inc ides   wi th   the   curve   for  N 
ca l cu la t ed   f rom  the   magne t i c   f i e ld   be t t e r   t han  do t h e   o t h e r s .   I n   t h i s  

case  one  obtains a maximum ion iza t ion   dens i ty  (N = 1.7 -10 ern ) 

which f u l l y  meets the  requirements of t he  dynamo theory,  which assumes 
an  increase  in   ionospheric   conduct ivi ty   by a factor  of  several   dozen 

during a magnetic  storm ( R e f .  3) .  I n   t h i s   c a s e  q = 3.103 em-3 see-', 
which also  does  not   contradict   the   data  of other  authors  (Ref.  8 ) .  

6 -3 
max 

Thus; as a r e s u l t  of the   ana lys i s  of the  magnetic  storm of 1 
March 1960, we  may d r a w  the  following  conclusions.  

1. The magnitude of a magnetic  distumbance i s  determined  by an 
inc rease   i n   i on iza t ion   dens i ty  as a r e s u l t  of i n t e r a c t i o n  between a 
corpuscular stream and  the  earth's  atmosphere.  This  density  depends 
both   on   the   in tens i ty  of t he  stream and on the  recombination  coef- 
f i c i e n t .  

2. The recombina t ion   coef f ic ien t   tu rns   ou t   to   be  (1-4).10 

em3/ see.  This indicates  that   magnetic  disturbances  are  caused  by  cur- 
r e n t s   i n   t h e   E - l a y e r .   I n   a d d i t i o n ,  as a r e s u l t  of t h e  small magnitude 
of the  recombinat ion  coeff ic ient ,   the   densi ty  of secondary  electrons 
cannot  change  rapidly  and,  consequently,  they  cannot  cause  rapid  vari- 
a t ions  in   the  magnet ic  f ie ld .  The o r i g i n  of these  processes  can  ap- 
pa ren t ly  be explained  by some p rocesses   t ha t   a r e   d i r ec t ly   r e l a t ed   t o   t he  
primary  corpuscular streams. 

-9 

3. The i n t e n s i t y  of a magnetic  disturbance i s  determined,  along 
wi th   o the r   f ac to r s ,   by   t he   ve loc i ty   o f  the ionospheric  wind,  which, 
considering w h a t  w a s  said i n   p o i n t  1 above, i s  evidence that t h e  mechan- 
i s m  of generat ion of e lec t r ic   cur ren ts   in   the   ionosphere  i s  the  dynamo 
e f f e c t  . 

The authors are indebted   to  Ya.  G .  B i r fe l 'd   and  A. I. Grachev f o r  
the   oppor tuni ty   to  become acquainted  with the r e s u l t s  of the i r   observa-  
t i o n s  of rad io   re f lec t ions   f rom  aurorae  and a l s o   t o  T.  G .  Nenakhova, who 
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par t ic ipa ted   in   p rocess ing   the   resu l t s .  

ABSTRFLCT 

Calculation  of  ionospheric  parameters  during a r a the r   s t rong  
magnetic  storm i s  made on   the   bas i s  of  experimental   data  obtained by 
the   au thors  at the   Lopa r skaya   s t a t ion   ( Ins t i t u t e   o f  Atmospheric  Physics 
o f   t he  Academy of Sciences USSR) and a t  t h e  Murmansk Branch  of IZMIRAN. 
The conclusion i s  made t h a t   t h e  dynamo theory  explains   the  observed 
phenomena r a t h e r  w e l l .  For  the  concrete  case of a single  magnetic 
storm,  an  attempt i s  made t o  take in to   accoun t   t he   e f f ec t   o f   t he  
ionospheric wind on t h e  geomagnetic f i e l d  and t o   c a l c u l a t e  i t s  d iu rna l  
var ia t ion.  
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